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ABSTRACT

Background. Much controversy surrounds the estimation of anthropometric parameters in multiple newborns. In newborn monochorion-
ic diamniotic twins, these parameters can be affected by specific antenatal complications. Objectives. To estimate the physical develop-
ment parameters of preterm monochorionic diamniotic twins according to standards proposed within the INTERGROW TH-21st project,
taking specific intrauterine complications into account. Methods. The anthropometric data were analyzed in 148 pairs of newborn mono-
chorionic diamniotic twins, who were divided into three groups according to the presence of specific intrauterine complications: Group I
(n = 56 pairs) — twin-to-twin transfusion syndrome (TTTS); Group II (n = 38 pairs) — selective intrauterine growth restriction (sSIUGR);
Group III (n = 58 pairs) — absence of the above-mentioned specific complications. The obtained data were statistically processed on a
personal computer via variation statistics methods using Microsoft Excel spreadsheets (Microsoft, USA) and an online service available
at https://medstatistic.ru. Results. Newborns with sSIUGR (37-100.0%) and 26 (49.1%) donors fell into the category of newborns light
for gestational age. Disharmonious (3—10th percentile) and markedly disharmonious (below the 3rd percentile) physical development at
birth was most commonly observed in newborns with sSIUGR and, to a lesser extent, in donors (OR — 9.2; 95% CI — 3.2-24.3; p < 0.05),
which was noted only occasionally in monochorionic twins from other groups. A combined decrease in the values of birth centiles for
head circumference, body weight, and body length was found in 13 (35.1%) newborns with sSIUGR and in 12 (22.6%) donors, which may
mark the severity of antenatal complications and the development of neurological deficit. Conclusion. Monochorionic diamniotic twins
include newborns having greater and lower body weights. In the newborn having a lower birth weight, specific complications associated
with monochorionic multiple pregnancy result in body weight and length deficit, disharmonious development due to the lack of nourish-
ment (22.6% in the TTTS group and 73.0% in the sSIUGR group), as well as delayed head circumference growth in 56.8% of newborns
with sTUGR.
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OCOBEHHOCTH ®U3NYECKOI'O PASBUTHUSA HEJOHOIIEHHBIX
HOBOPOXJAEHHbBIX N3 MOHOXOPHUAJIBHBIX TUAMHHNOTHYECKHUX
JABOEH IIPU POXXJAEHUU: PETPOCIIEKTUBHOE KOI'OPTHOE
NCCJIEJOBAHUE

M.B. llasnuuenko, H.B. Kocosyosa, A.IO. [locnenosa, T.B. Maproea

®denepanbHOE roCyJ1apCTBEHHOE Oro/mKEeTHOE YUpEXKACHUE «YpanbCckui Hay4YHO-HUCCIIEN0BATEIbCKUN
HHCTUTYT OXpaHbl MaTEpUHCTBA M MIlaJieHYecTBa» MuHucTepcTBa 3apaBooxpaHeHust Pocculickonn @Denepaunuu
yi. Peninna, 1. 1, T. ExatepunOypr, 620028, Poccus

AHHOTALIUA

BBenenue. JIo HacTOsIIEro BpeMEHH MHOTO CIIOPOB BBI3BIBACT OIIEHKA aHTPOIOMETPHUSCKUX MOKa3aTelell HOBOPOKACHHBIX PHU MHO-
romoann. Crieruduueckne OCIOXHEHUS aHTEHATaJIBHOTO IIEPHOJA OKAa3bIBAIOT BIUSHHE Ha aHTPOIOMETPUUECKHE ITOKa3aTelH HO-
BOPOXKJCHHBIX M3 MOHOXOPHAJIBHBIX AUAMHHUOTHUECKUX ABoeH. llesan HccenoBanuss — oLeHKa napaMeTpoB (GU3MYECKOro Pa3BUTHS
HEIOHONICHHBIX HOBOPOXKJICHHBIX M3 MOHOXOPHATBHBIX JUAMHHOTHYECKHX ABOEH C HCIIOJB30BAHHEM CTAaHIApTOB, MPEII0KEHHBIX
B nporpamme «INTERGROWTH-21th» ¢ yueTom crienuduyeckux ociaoXxHEHUH BHYTpHyTpoOHOTO neprona. Mertoabl. [Ipoanatusupo-
BaHbI aHTPOIIOMETPUYECKHE AaHHbIEe Y 148 map HOBOPOXKACHHBIX U3 MOHOXOPUATBHBIX AUAMHUOTHUECKUX ABOEH, KOTOPBIE OBLIN pa3je-
JICHBI HA TP IPYIIIBI B 3aBUCHMOCTH OT HAJINYHS CIICIU(PUUISCKUX OCIOKHEHNH BHYTPHYTpoOHOTO epuona: B I rpymnme (n = 56 map) —
cuupom peto-detansHoi Tpanchysuu (CODT), Bo Il rpynme (n =38 nap) — CHHAPOM CEICKTHUBHOMN 3aICPKKH POCTA OHOTO U3 IIOIOB
(CC3PIN), B Il rpynme (n = 58 map) — OTCyTCTBHE YKAa3aHHBIX BBIIIC CHCIUPUICCKUX OCIOKHEHHH. CTaTUCTUYECKYIO 00pabOTKY MOIy-
YEHHBIX JaHHBIX IPOBOJIIM Ha MIEPCOHAIBHOM KOMITBIOTEPE METOJaM¥ BapHAIIHOHHOW CTATUCTHKH C TOMOIIBIO IEKTPOHHBIX TAOIHUI]
«Microsoft Excel» (Microsoft, CIIIA) u onnaiin-cepsuca https://medstatistic.ru. Peyasrarsl. HoBopoxaenusie ¢ CC3PII (37-100%),
a takke 26 (49,1%) 1OHOPOB OTHOCUIHCH K rpymIe «Majslii pa3mep IJI0Aa ISl TeCTAI[HOHHOTO Bo3pacTay. ucrapmonngnoe (3—10-i
MPOIEHTUIIB) U PE3KO ITUCTAapMOHUYHOE (HMKE 3-TO MPOUEHTHJIST) GU3UUECKOE Pa3BUTHE MPU POXKICHUH HanboOJee XapaKTEPHO IS
HoBOpokaeHHBIX ¢ CC3PII u B MeHbmIeiH creneHu mist qoropos (OLL 9,2; 95% AU 3,2-24,3; p < 0,05), y MOHOXOpHANBHBIX ONHU3HE-
LIOB IPYTUX PN OTMEYEHO B €IMHUYHBIX ciiydasX. CoueTaHHe CHI)KEHUS 3HAUCHUIl EHTUIIeH OKPY)XHOCTH I'OJIOBBI IIPH POXKIACHUU
¢ Maccoil u AnuHOMN Texa BeigBieHO y 13 (35,1%) HoBOpoxkaeHHbIX ¢ CC3PII n y 12 (22,6%) 1OHOPOB, UTO MOXKET SIBUTHCSI MapKepOM
TSOKECTH aHTEHATAJIBHEIX OCIOKHEHUH M GOpPMUPOBAaHNUS HEBPOJIOTHIECKOTO NehHIHTa. 3aKa04eHne. B mapax MOHOXOpHANBHEIX AH-
aMHUOTHUYECKUX OJTU3HELOB BBIIEISIIOT HOBOPOXKIACHHBIX ¢ OombIleil M ¢ MeHblIeH Maccoit Tena. Crenupuieckre OCI0KHEHUS MOHO-
XOPHATBHOTO MHOTOIUIONHUS IPUBOAST K (POPMHPOBAHHIO Y HOBOPOXKAESHHOT'O C MEHBIIEH Maccol Tena aeduuTa Macchl, JUIMHEI Tela,
JIUCTapMOHUYHOTO Pa3BUTHS C HEAOCTATOUYHOCTHIO nutaHus (22,6% B rpynne CODT u 73,0% B rpynne CC3PII) u 3aaepxke pocra
OKPYXHOCTH rojoBsl y 56,8% ¢ CC3PII.

KutroueBble c10Ba: HETOHOIEHHBIE U3 MOHOXOPHAJIBHBIX THaMHUOTHYeCKUX ABOeH, TpoekT INTERGROWTH-21th, cuanpom dero-de-

TaJbHOH TpaHC(y3UH, CHHIPOM CEIeKTHBHOM 3aJIepKKH POCTa IIOJA.

Juast nutuposanus: [lasnnuenko M.B., Kocorrosa H.B., [Tocnienosa £1.10., Mapkosa T.B. OcoOeHHOCTH (H3HUUECKOTO Pa3BUTHS HEJOHO-
LICHHBIX HOBOPOXKJCHHBIX M3 MOHOXOPUAIBHBIX JUaAMHUOTHYECKUX JBOCH MPU POXKICHUHU: PETPOCIEKTHBHOE KOTOPTHOE HCCIICJOBAHHE.
Kybanckuii nayunuviii meouyunckuti secmuux. 2023; 30(1): 37-48. https:/doi.org/10.25207/1608-6228-2023-30-1-37-48
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INTRODUCTION

The physical development of newborn babies is funda-
mental in characterizing their state of health. Anthropometric
data are commonly obtained in the first minutes of life fol-
lowing Apgar score calculation, which have high clinical and
diagnostic significance. The parameters of physical develop-
ment are thought to be predetermined by inherited genetic
information and realized depending on performance under
ambient conditions [1, 2]. Intrauterine growth constitutes an
essential stage affecting the variable growth process and the
morphofunctional maturation of fetal organs and systems [3,
4]. To date, much controversy surrounds the estimation of
anthropometric parameters in multiple newborns, specifical-
ly in monochorionic placentation, due to specific complica-
tions arising in the antenatal period: twin-to-twin transfusion
syndrome (TTTS) and selective intrauterine growth restric-
tion (sIUGR) [5, 6]. Intrauterine complications leading to
changes in the anthropometric data of newborns largely de-
termine their future health status and quality of life! [7, 8]. In
routine clinical practice, neonatologists can use the INTER-
GROWTH-21st project to assess the physical development
of newborns. Since changes in the physical development pa-
rameters of preterm neonates are associated with a high risk
of maladaptation, as well as neonatal incidence and mortality
[9, 10], a study was conducted in order to determine the po-
tential of specific intrauterine complications in predicting the
physical development of preterm monochorionic diamniotic
twins [13, 14].

Taking specific intrauterine complications into account,
the study aims to estimate the physical development param-
eters of preterm monochorionic diamniotic twins according
to standards proposed within the INTERGROWTH-21st
project.

METHODS
Study design

A cross-sectional, retrospective cohort study was con-
ducted.

Study conditions

The study was conducted at the Ural Research Institute
of Maternal and Infant Care (Ministry of Health of the Rus-
sian Federation), analyzing the medical records of newborn
monochorionic diamniotic twins delivered there in 2018—
2021.

Eligibility criteria
Inclusion criteria

Preterm monochorionic diamniotic twins.
Exclusion criteria

Full-term monochorionic diamniotic twins, newborns in
singleton pregnancies, newborn dichorionic twins, and twin
reversed arterial perfusion sequence.

Removal criteria

Patients whose medical records lacked information neces-
sary for the analysis.

Description of eligibility criteria (diagnostic criteria)

Birth anthropometric data documented in medical records
were entered into the study database: body weight, body
length, head circumference, as well as sex and gestational age
of patients.

Selection of group members

The main cohort was retrospectively divided into three
groups depending on the presence of specific intrauterine com-
plications: twin-to-twin transfusion syndrome (TTTS), selec-
tive intrauterine growth restriction (sIUGR), and the absence
of the specified complications associated with monochorionic
multiple pregnancies. Group I comprises 56 pairs of mono-
chorionic twins treated for TTTS using the laser coagulation
of placental anastomoses at a gestational age of 16-21 weeks,
whereas Group II consists of 38 monochorionic twin pairs with
sIUGR in one of the fetuses: birth weight values are found
within the extremely low (P < 3), or low (P < 10) centile band.
Group III includes 56 pairs of monochorionic twins with no
antenatal complications (TTTS and sIUGR).

Target parameters in the study
Main parameter in the study

The main birth parameters of physical development were
estimated according to the INTERGROWTH-21st proj-
ect: weight (kg), length (cm), head circumference (cm), and
weight-length ratio (kg/m), indicating harmonious physical
development.
Additional parameters in the study

Sex and gestational age depending on the presence or ab-
sence of specific complications: TTTS, sIUGR, and the ab-
sence of the specified complications.

Methods for measuring the parameters

Each patient was examined for body weight, body length,
head circumference, and weight-length ratio under the INTER-
GROWTH-21st project; sex and gestational age of preterm
monochorionic diamniotic twins, as well as the presence/ab-
sence of specific antenatal complications, were obtained from
medical records.

Variables (predictors, confounders, and effect
modifiers)

The birth parameters of physical development covered by
the INTERGROWTH-21st project.

Statistical procedures
Principles behind sample size determination
The sample size was not determined in advance.

! Volodin N.N., Clinical guidelines. Neonatology. Ed. by Volodina N.N., Degtyareva D.N., Kryuchko D.S.; GEOTAR-Media, Moscow, 2019.
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Statistical methods

The obtained data were statistically processed on a person-
al computer via variation statistics methods using Microsoft
Excel spreadsheets (Microsoft, USA) and an online service
available at https://medstatistic.ru. Qualitative parameters
were described in terms of the absolute and relative fre-
quencies of their values. The distribution of the examined
anthropometric data differs from the normal distribution.
The results are presented as a median of the interquartile
range [25th percentile; 75th percentile], odds ratio (OR),
and a 95% confidence interval (CI). The equality of medians
was checked for several samples using the non-parametric
Kruskal-Wallis test designed for independent populations.
Differences were considered to be statistically significant at
p<0.05and P<0.01.

Potentially included cases, n = 152 pairs

RESULTS
Sampling

According to the protocol, 148 pairs of preterm monochori-
onic twins (296 patients) were initially included in the study;
however, the final analysis included the parameters of 292
newborns (Fig. 1).

Characteristics of the study sample

According to the obtained data, intrauterine fetal death was
observed in two recipient fetuses, three donor fetuses, and one
fetus exhibiting sSIUGR signs. The overall mortality rate in the
MDT group amounted to 2.03%, including 4.5% in Group I
and 1.3% in Group II.

Main study results
The target parameters were estimated in relation to the
following aspects: donor/recipient; newborns with/without

Not evaluated

as per inclusion criteria, n =0

IL
Evaluated as per inclusion criteria,
n =152 pairs
—

Included in the study, n = 152 pairs

Excluded, n=10

Removed from the observation,

n=0

* physical development parameters at birth (152 pairs);
* sex (152 pairs);
* gestational age (152 pairs);

Data available for analysis:

» presence and absence of specific complications (152 pairs)

MDT Group I treated for TTTS,
n =56 pairs

MDT Group II with sIUGR,
n =38 pairs

MDT Group III without TTTS
and sIUGR, n = 58 pairs

Recipients, n = 56
] Intrauterine fetal death, n = 2
Completed the study, 7 = 54

MDT without sSIUGR, n = 38
Completed the study, n = 38

MDT of greater weight, n = 58
Completed the study, 7 = 58

Donors, n =56
— Intrauterine fetal death, n =3 —
Completed the study, 7 = 53

MDT with sSIUGR, n =38

Intrauterine fetal death, n = 1
Completed the study, n = 37

MDT of lower weight, n = 58
Completed the study, 7 = 58

Fig. 1. Study design.

Note: A flow-chart diagram completed by the authors according to the STROBE recommendations;, MDT — monochorionic diamniotic
twins; TTTS — twin-to-twin transfusion syndrome; sSIUGR — selective intrauterine growth restriction.

Puc. 1. /lu3aiin ucciaenoBaHusl.

Ipumeuanue: brnok-cxema coenacno pexomenoayusm STROBE 3anoanena asmopamu; MXE — moHoxopuanvhble OuamHuomuyie-
ckue b6ausnesvl, CODPT — cunopom pemo-pemanvnou mpancgysuu; CC3IIP — cunopom cerexmuenoil 3a0epiucKu pocma 00H020

U3 n10008.
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Table 1. Birth body weight parameters in monochorionic diamniotic twins
Ta6auna 1. OneHka rokasaresneid Macchl Teja IIpH POXKACHUH Y OJIM3HELIOB U3 MOHOXOPHAJIbHBIX TUAMHUOTHYECKUX TBOCH

. Intra-group signif- Intergroup
No Patients Weight, g icance of differenc- significance
¢ 0/ o ()
Me [Q25%; Q75%l es, p of differences, p
Group I — TTTS
B 1260.0
1 donor, n =53 [780.0: 1680.0] <0.001
. 15.58
Ic centile [2.66: 36.05] <0.001
.. _ 1595.0
2 recipient, n = 54 [1175.0; 2015.0]
2¢ centile 53.59 [40.14; 73.48]
1:3=0.99
Group IT — sIUGR le3¢ < 0.001
. _ 1140.0 1:5 <0.001
3 twin with SIUGR, n = 37 [800.0: 1570.0] <0.001 loSe — 0.08
3¢ centile [0.62: 445] <0.001 2c:dc = 0.04
15550 2:6 <0.001
L _ . 2c:6¢c =0.03
4 twin without SIUGR, n = 38 [12550.0: 1990.0] 3.5 < 0,001
4 1 40.30 3c:5¢ < 0.001
¢ |centie [20.3; 53.29] 4:6 = 0.001
Group I11 — without TTTS and sSTUGR 4ci6c =081
. . _ 1769.0
5 twin of lower weight, n = 50 [1560.0: 1970.0] <0.001
. 29.24
5c centile [17.90; 42.09] <0.001
. . B 1995.0
6 twin of greater weight, n = 50 [1810.0; 2220.0]
. 50.63
6c | centile [28.27; 62.99]

Note: the table was compiled by the authors;, TTTS — twin-to-twin transfusion syndrome; sIUGR — selective intrauterine growth

restriction.

Tpumeyanue: mabauya cocmasiena aemopamu;, CODPT — cunopom pemo-pemanvroi mpancgysuu; CCIIIP — cunopom cenekmugHoll

3A0epACKU POCIA 00HO20 U3 NILOO0S.

sIUGR; twin having a greater/lower birth weight. In addi-
tion, Groups I, II, and III were compared in terms of body
weight: a donor from Group I — a patient with sSIUGR from
Group II — a twin having a lower birth weight from Group
I1II; a recipient from Group I — a twin without SIUGR from
Group II — a newborn having a greater birth weight from
Group III.

For all the examined groups, highly significant body
weight differences were revealed in the subgroups of mono-
chorionic twins (p < 0.001). In Group II, SIUGR was ob-
served in both fetuses in three pairs (7.9%) at a gestational
age of 33-34 weeks. All newborns with sSIUGR had a birth-

weight of <10th centile, which was significantly (p <0.001)
lower than that of Group III twins having a lower body
weight. In 21 donors (39.6%), body weight values were also
found within a low centile band of P3- <10; no significant
differences in this parameter were revealed from newborns
with sSIUGR.

The body weight of newborns indicates the development of
the musculoskeletal system, subcutaneous tissue, and internal
organs; the estimation of this parameter according to centile
bands under the INTERGROWTH-21st project provides
neonatologists with meaningful additional information about
the antenatal period [15, 16].
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Table 2. Birth body length parameters in monochorionic diamniotic twins
Taéamnua 2. OueHka nokasaTeleil JUIMHBI TeJla IPH POXKJICHUH Y OJM3HEL0B U3 MOHOXOPUAIbHBIX JHaAMHUOTHYECKUX

JIBOCH
. Intra-group A
. Weight, g .. Intergroup significance
Ne Patients o, o significance of .
Me [Q25%; Q75%] differences, p of differences, p
Group I — TTTS
_ 37.0
1 donor, n =53 [32.0: 41.0] <0.001
. 10.0
lc centile [0.7: 25.0] <0.001
.. B 40.0
2 recipient, n = 54 [37.0: 43.0]
2¢ centile 307
[13.7; 56.1] llig < 060(())(1)1
c:3¢<0.
Group II — sIUGR 1:5 < 0.001
3 twin with sSIUGR, n = 37 365 <0.001 le:Se =041
[32.8; 41.0] 2:4 <0.001
3¢ centile 1.4 [0.4; 8.4] <0.001 2¢:4¢ <0.001
4 twin without sSIUGR, 41.0 2:6 <0.001
n=38 [37.0; 43.0] 2c:6c=10.74
259 3:5<0.001
4c centile [114; 42.3] 3c¢:5¢ <0.001
- 4:6 <0.001
Group IIT — without TTTS and sIUGR de6e = 0.003
twin of lower weight, 41.0
3 n=>58 [40.0; 43.0] < 0.001
. 13.1
5¢ centile [6.0: 35.3] <0.001
6 twin of greater weight, 43
n=>58 [41.0; 44.8]
. 379
6¢ centile [18.3; 54.4]

Note: the table was compiled by the authors;, TTTS — twin-to-twin transfusion syndrome; sSIUGR — selective intrauterine growth

restriction.

Tpumeuanue: mabauya cocmasnena asmopamu; CODPT — cunopom gpemo-pemanvroii mpancgyszuu;, CC3IP — cundpom cenexmuenoi

3A0epACKU POCIA 00HO20 U3 NILOOO0S.

Birth weight values were found within the 10-90 centile
band for the majority of recipients, Group III patients, and
Group II newborns exhibiting no signs of sSIUGR.

As well as birth weight, body length constitutes a funda-
mental criterion in the comprehensive health assessment of
newborns.

Highly significant body length differences were revealed
between the monochorionic twin subgroups in Groups I,
II, and III (p < 0.001). All newborns with sSIUGR exhibited
symmetrical growth restrictions (body weight and length), as
well as falling into the category of newborns light for gesta-
tional age (ICD-10 code — P05.0). These facts are consistent
with the literature on the occurrence of fetal complications in
newborns with sSIUGR in early pregnancy, commonly during
the first trimester [17, 18]. In the donor group treated for

TTTS, 26 (49.1%) neonates were also classified as newborns
light for gestational age, which may result from the early
onset of the transfusion syndrome. Only one recipient (1.9%)
was found to be a newborn light for gestational age (ICD-10
code — P05.0), while other groups exhibited no such signs.

The harmonicity of physical development in newborns was
estimated according to weight-height charts [19].

Harmonious development was observed in the majority
of monochorionic twins from all groups, with the exception
of newborns exhibiting the signs of sSIUGR. Disharmoni-
ous and markedly disharmonious development was most
common in newborns with sSIUGR and, to a lesser extent,
in donors (OR — 9.2; 95% CI — 3.2-24.3; p < 0.05); in
monochorionic twins from other groups, it occurred in in-
dividual cases.
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Table 3. Harmonicity of physical development in newborns according to weight-height charts
Ta6aunua 3. OnieHKa rapMOHHYHOCTH (PM3UYECKOTO PA3BUTHUS JETEH 10 JAHHBIM IMarpaMm COOTBETCTBHUS MAaCChI TEJa POCTY

Interpretation of the Prevalence in newborns, abs. (%)
Interval Group No. " - - :
parameter twin of greater weight twin of lower weight
Markedly dish ) I 0 7 (13.2%)
Below the 3rd percentile arkedly disharmonious I 1 (2.6%) 7 (18.9%)
development
111 0 0
Dish i I 1 (1.9%) 5 (9.4%)
3-10th percentile 1Sharmonious 10 3 (7.9%) 20 (54.1%)
development
11 0 1 (1.7%)
I 53 (98.1%) 41 (77.4%)
10-90th percentile Harmonious development II 33 (86.8%) 10 (27.0%)
111 53 (91.4%) 54 (93.1%)
Dish . I 0 0
90-97th percentile 1sharmonious I 1 (2.6%) 0
development
I 4 (6.9%) 1 (1.7%)
Markedly dish i : 0 0
Above the 97th percentile arkedly disharmonious 11 0 0
development
11 1 (1.7%) 2 (3.4%)

Note: the table was compiled by the authors.
Tlpumeuanue: mabnuya cocmagiena agmopami.

Table 4. Birth head circumference parameters in monochorionic diamniotic twins
Taéanua 4. OueHka nokasaTelneil OKpyKHOCTH TOJIOBBI IIPU POXKACHUH y OJIM3HEIIOB U3 MOHOXOPHAJIBHBIX JTHAMHUOTHYE-

CKHX IBOCH
. Intra-group signifi- -
. Weight, g . Intergroup significance
No. Patients Me [Q25%; Q75%] cance of d;fferences, of differences, p
Group I — TTTS
1 donor, n =153 28.0[24.0; 31.0] <0.001
Ic |centile 39.9 [7.0; 73.9] <0.001
2 recipient, n = 54 29.5 [27.0; 31.8]
2% |centile 70.5 [56.5; 85.5] 1:3=071
’ Ic:3¢ =0.013
Group II — sIUGR 1:5<0.001
3 twin with sIUGR, n = 37 29.0 [24.8; 30.0] <0.001 lIc:5¢ =0.06
3¢ |centile 14.5 [5.4; 32.0] <0.001 2:4=0.58
. 2¢:4¢=0.03
4 ;W:“g“ho‘“ SIUGR, 30.0 [28.3: 31.8] 2:6 = 0.007
2c:6¢ =0.002
4c centile 62.6 [219, 819] 3:5=0.001
Group 11— without TTTS and sIUGR 3c:5¢ < 0.001
twin of lower weight, ) 4:6 =0.003
5 0= 58 30.0 [29.0; 32.0] <0.001 debe = 0.04
Sc  |centile 51.5 [35.7; 69.6] <0.001
6 tv&jn of greater weight, 310 [30.0: 32.0]
n=>58
6¢ |centile 72.1 [51.5; 82.7]

Note: the table was compiled by the authors; TTTS — twin-to-twin transfusion syndrome; sSIUGR — selective intrauterine growth restriction.
Ipumeuanue: mabauya cocmasnena aemopamu, CODT — cundpom pemo-pemanvrot mpancgysuu, CC3IIP — cunopom cerekmuenou

3a0epIAHCKU POCMA OOHO20 U3 NI0V08.
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The analysis of head circumference also revealed significant
differences between examined monochorionic twins.

Highly significant head circumference differences were
revealed between the monochorionic twin subgroups
in Groups I, II, and III (p < 0.001). In the group of ne-
onates treated for TTTS, head circumference was found
to be within the normal interval (p10-90) in 41 recipi-
ents (75.9%) and 38 donors (71.7%). In Group II, patients
with sSTUGR were significantly more likely to have a head
circumference of P < 10 (OR -3.7; 95% CI — 1.4-9.7,
p <0.05): in 21 patients with SIUGR (56.8%) and 10 new-
borns (26.3%) without sSIUGR. In Group III, all patients
predominantly exhibited a range of normal head circum-
ference values: in the monochorionic twins of greater
weight — 50 (86.2%); in the monochorionic twins of low-
er weight — 53 (91.4%).

A physiological increase in head circumference during
the antenatal period indicates active cell differentiation in
the central nervous system, which is of fundamental im-
portance for predicting cognitive development in infancy
and early childhood [20, 21]. In the event that intrauter-
ine growth restriction is systemic in nature and does not
correspond to the inherent genetic program for organism
development, the long-term rehabilitation prognosis may be
poor [20].

A symmetrical decrease in the values of birth centiles
for head circumference, body weight, and body length was
found in Groups I and II: in 13 (35.1%) newborns with sl-
UGR as compared to 1 MDT (2.6%) without sSIUGR (OR —
20.0; 95% CI — 2.46-163.3; p < 0.05); in 12 donors (22.6%)
as compared to 1 (1.9%) recipient (OR — 15.5; 95% CI —
1.94-124.2; p < 0.05). Group III revealed no newborns with
similar changes. The delayed growth rate of head circumfer-
ence may subsequently contribute to the development of neu-
rological deficit, requiring prolonged dynamic monitoring>
[21, 22].

Additional study parameters

The distribution of patients by gestational age is shown in
Table 5.

The gestational age of monochorionic twins in uncomplicat-
ed pregnancies was significantly higher than that in the group
of newborns treated for TTTS (p < 0.001) and with sSIUGR
(p = 0.01). Extremely preterm newborns (less than 28 weeks
of gestation) were noted only in the group of monochorion-
ic twins suffering from specific antenatal complications. No
significant differences were observed between the groups in
the number of very preterm neonates (28 weeks 0 days to 31
weeks 6 days). Births were moderately preterm for 42.9% of

newborns treated for TTTS (OR —4.6; 95% CI—2.05-10.41;
p <0.05) and for 57.9% of neonates with sSIUGR (OR — 2.52;
95% CI — 1.03-6.14; p < 0.05) as compared to 77.6% of
Group III neonates.

Boys accounted for 26 pairs (46.4%) in the group of new-
borns treated for TTTS, 23 pairs (60.5%) in the group with
sIUGR, and 30 pairs (51.7%) in the group suffering from no
antenatal complications; thus, no significant sex-specific dif-
ferences were revealed.

DISCUSSION
Main findings of the study

The study was aimed at assessing physical development in
preterm monochorionic diamniotic twins with and without
TTTS and sIUGR under the INTERGROWTH-21st project.
The INTERGROWTH-21st project provides a means to com-
prehensively analyze anthropometric data in preterm mono-
chorionic twins, revealing characteristics associated with an-
tenatal complications.

Research limitations

The study has several limitations. This single-center study
conducted in 2018-2021 used a small number of patients,
which may affect the final results, thus limiting the potential to
extend these findings to a larger sample.

Discussion of the main study findings

The anthropometric data of newborns are used to assess
the adequacy of fetal and neonatal growth, predict delayed
growth abnormalities, as well as to assess neonatal inci-
dence and mortality. The high rate of perinatal incidence
and mortality in monochorionic multiple pregnancies is at-
tributed both to a high frequency of preterm births and, to a
large extent, specific complications in monochorionic pla-
centation [11, 12]. The obtained data indicate varying phys-
ical development disorders in preterm monochorionic twins
associated with the complicated antenatal period. The use
of international standards governing neonatal growth un-
der INTERGROWTH-21st project enables a more effective
assessment of the impact made by specific antenatal com-
plications (TTTS and sIUGR) on the physical development
of monochorionic diamniotic twins. The feeding and nurs-
ing of preterm monochorionic diamniotic twins classified
as newborns light for gestational age, as well as newborns
with disharmonious and markedly disharmonious physical
development, should be different from that of gestation-
al-age appropriate neonates [23]. In the group of monocho-
rionic diamniotic twins, preterm neonates born following
antenatal complications deserve increased attention: donors

2 Akimova E.A. et al., Neurobiological principles underlying the emergence and treatment of the perinatal injury of the central nervous system in newborns.

Ed. by Namazova-Baranova L. S., Moscow: Pediatr, 2016.

3 Infant Feeding Optimization Program in the Russian Federation, Guidelines, Moscow, 2019. Available at: https://nczd.ru/wp-content/uploads/2019/12/

Met_rekom_1_god .pdf
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recipient donor without sSTUGR

sIUGR greater weight lower weight

Fig. 2. Body weight centiles in observed newborns under
the INTERGROWTH-21st project.

Note: the figure was created by the authors; sSIUGR — selective
intrauterine growth restriction.

Puc. 2. IleHTHIBHBIE BETMYMHBI MAcChl Tejla HAOIIOIAEMBIX
HOBOpOXIeHHBIX 110 rporpamMme «INTERGROW TH-21thy.
Ipumeuanue: pucynox cocmasnen asmopamu, CC3IIP — cun-
OpPOM CeNeKMUBHOT 3A0ePHCKU POCA 00HO20 U3 NI0008.

without sSIUGR sIUGR

recipient donor

monochorionic twins
of lower weight

monochorionic twins
of greater weight

Fig. 3. Head circumference centiles in the examined
newborns under the INTERGROW TH-21st project.

Note: the figure was created by the authors, sSIUGR — selective in-
trauterine growth restriction.

Puc. 3. IleHTuIBHBIE BEIHMYMHBI OKPYX HOCTH TIOJIO-
BBl HAONIOJAaeMBIX HOBOPOXKJICHHBIX II0 IIpOrpaMme
«INTERGROWTH-21thy.

Ipumeuanue: pucynox cocmaenen asmopamu; CC3IIP — cun-
OpOM CeNeKMUBHOU 3a0ePHCKU POCMA 0OHO20 U3 NI0O08.

Table 5. Distribution of newborns by gestational age, taking specific antenatal complications into account
Ta6auua 5. Pacnipenenenne netei o recTalliOHHOMY BO3PACTy € YYETOM HaJIMYUS CIICU(YUIECKUX OCIIOKHEHNH aHTe-

HaTaJIbHOI'O IIepuoaa

Groups
Gestational age (GA) I-TTTS II-sIUGR III- without TTTS and Signiﬁcance of
(n = 56 pairs) (n =38 pairs) SIUGR (n = 58 pairs) differences, p
abs. | Y% abs. | % abs. | %

GA of the group, Me 314 [2931,2'34 42] 33.2 ;f 530060051

[Q25%; Q75%], weeks [28.0; 33.5] I [32.2; 34.2] A
3:4 p=0.01

Less than 27 weeks 6 days
2:4 p <0.05
Number of newborns, n 13 232 5 13.2 0 0 2:3 p>0.05
3:4 p<0.05
Me [Q25%; Q75%)], weeks [25.22?';7.0] [253‘?'37.2] 2:3 p>0.05
28 weeks 0 days — 31 weeks 6 days
2:3 p>0.05
Number of newborns, n 19 339 11 28.9 13 22.4 2:4 p>0.05
3:4 p>0.05
295 295 30.5 23p>0.03
Me [Q25%; Q75%)], weeks i i i 2:4 p>0.05
[28.4; 30.8] [28.8; 30.4] [29.5; 31.3] 34 p> 005
Over 32 weeks

2:3 p>0.05
Number of newborns, 7 24 42.9 22 57.9 45 77.6 2:4 p <0.05
3:4 p<0.05
33.5 34.1 334 2:3p =003
Me [Q25%; Q75%)], weeks ] ) ] 2:4 p>0.05
[32.4; 34.4] [33.4;34.4] [32.4; 34.3] 34 p> 005

Note: the table was compiled by the authors; GA — gestational age; TTTS — twin-to-twin transfusion syndrome,; sIUGR — selective intra-

uterine growth restriction.

ITpumeuanue: mabnuya cocmasnena asmopamu; I'B — cecmayuonnwiii 6ospacm; CODPT — cunopom gpemo-gemanvroii mpaucpyszuu,;
CC3IIP — cuHOpoMm ceneKmusHoOU 3a0epiHcKu pocma 00HO20 U3 NI0008.
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(TTTS) and patients exhibiting the signs of sSIUGR. In order
to prevent diseases commonly occurring in preterm new-
borns characterized by deficient physical development, the
daily food ration should be maximally enriched with the
permissible amounts of protein and energy per actual body
weight.

As newborns’s harmonious development in later years can
be largely determined by birth anthropometric parameters
[20], it is imperative to prolong the physical development
assessment under the INTERGROWTH-21st project in preterm
monochorionic twins after antenatal complications, which will
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